F ree tissue transfer is widely regarded as the criterion standard for reconstruction in the surgical management of head and neck cancers, facilitating optimal functional and aesthetic outcomes. Since its introduction, microvascular technology and technique have undergone developments that have made free flap repairs safe and effective, with a success rate of 91% to 99%. [1] [2] [3] However, patients are still subject to postoperative complications that result from the complex nature of the procedure, long operative course, and suboptimal preoperative health status. These complications may contribute to the rare flap failure, which is associated with substantial morbidity and significant cost to the patient and health care system. [4] [5] [6] The frequency and potential severity of complications after free flap repairs of the head and neck necessitate a thorough investigation of outcome predictors. Although several studies 3, [5] [6] [7] [8] [9] have sought to identify risk factors associated with flap failure, results among various institutional analyses conflict, and generalizable data are lacking. 2, 10 One variable in particular requiring additional investigation is anesthesia duration for which, to our knowledge, there is no analysis of population-based data specific to patients undergoing head and neck surgery. The association between increased operative time and morbidity has been well documented in general and procedure-specific analyses. [11] [12] [13] [14] Several studies 11, 12, 14 have found that a longer operation is associated with increased rates of infection, wound disruption, and thrombotic events in patients undergoing free flap surgery. In addition, prolonged anesthesia duration may be particularly important in microvascular surgery because flap viability is intimately related to the degree of intraoperative hemodynamic control. 15 The need for this analysis was further evidenced by the varied anesthetic management of patients undergoing free flap surgery, suggesting a paucity of data with which to construct evidence-based guidelines. 16, 17 Anesthesia duration represents a modifiable risk factor, and the identification of significant associations may help guide patient selection and intraoperative decision making. This study aimed to elucidate possible associations between anesthesia duration, preoperative characteristics, and postoperative complications in patients undergoing head and neck free flap surgery by using population-based data collected from the American College of Surgeons National Surgical Quality Improvement Program (NSQIP) database.
Methods
A retrospective analysis was performed on data from the NSQIP participant use files for January Only patients with information regarding anesthesia duration were included in the analysis. In addition, patients with an anesthesia duration of 0 minutes were excluded from the analysis under the assumption that this was a coding error or aborted procedure. This analysis was determined to be exempt from approval by the Rutgers New Jersey Medical School Institutional Review Board because of the deidentified format of the NSQIP data set; therefore, no patient informed consent was required.
Patients were subsequently stratified into 5 ranked quintiles based on duration of anesthesia to more precisely capture the specific anesthesia durations that may be associated with a particular complication. Patients with tied duration were grouped in the same quintile, resulting in small variations in quintile population sizes. Preoperative patient characteristics and operative variables are given in Table 1 and Table 2 , respectively. Comorbidities included when available were diabetes, current smoker, current alcohol use (>2 drinks per day in the 2 weeks before admission), dyspnea, dependent functional status, history of chronic obstructive pulmonary disease, history of congestive heart failure, previous percutaneous coronary intervention, previous cardiac surgery, hypertension requiring medication, history of transient ischemic attacks, history of stroke, long-term corticosteroid use, bleeding disorder, chemotherapy or radiotherapy within 30 days preoperatively, prior operation, open wound at time of surgery, and disseminated cancer. Operative variables included when available were emergency status of the procedure, work relative value units, total operation time, surgical wound class, American Society of Anesthesiologists class, and free flap type (osseous vs nonosseous).
Analysis of 30-day outcomes in these quintiles was performed ( Table 3) . Surgical complications included superficial, deep, and organ or space surgical site infections; wound disruption; graft, prosthesis, or flap failure; and blood transfusion within 72 hours. Medical complications included pneumonia, unplanned reintubation, pulmonary embolism, mechanical ventilation for longer than 48 hours, renal insufficiency, acute renal failure, urinary tract infection, coma for longer than 24 hours, peripheral nerve injury, cardiac arrest, myocardial infarction, deep vein thrombosis, sepsis, sep-
Key Points
Questions Does increased anesthesia duration increase rates of specific postoperative complications in free flap reconstruction of the head and neck?
Findings In this study of 630 patients who underwent head and neck free flap procedures, those who were obese, had an osseous free flap, or had multiple free flaps were found to have longer anesthesia duration. After confounding factors were accounted for, increased anesthesia duration was associated with increased rates of overall postoperative complications, surgical complications, and transfusions.
Meaning Increasing anesthesia duration was associated with significantly increased rates of surgical complications, especially the requirement for postoperative transfusion; therefore, avoidance of excessive blood loss and prolonged anesthesia time should be the goal of the reconstructive surgeon when performing head and neck free flap surgery.
tic shock, and stroke. Rates of overall complications, subsequent operation, unplanned readmission, and mortality were also included in this analysis.
All statistical analyses were performed using SPSS statistical software, version 22 (IBM Inc). Independent 2-tailed, unpaired t test, cross-tabulation, Pearson χ 2 , and Fisher exact tests were used to analyze associations among variables when appropriate. Adjusted residuals were calculated for select preoperative and operative variables and postoperative complications in the χ 2 analyses. Residuals less than −1.96 and greater than 1.96 were considered to be significant. Preoperative and operative variables found to be significant in the bivariate analysis, as well as basic demographic variables, were included in multivariable logistic regression models to determine the independent association of increased anesthesia duration with complications after free flap surgery of the head and neck. P < .05 was considered to be statistically significant. 
Preoperative Demographics and Comorbidities
No linear trend in ages was found across the quintiles, as demonstrated in groups 2 to 4, and age overall was not associated with increased or decreased anesthesia duration ( 
Postoperative Complications
The rate of postoperative transfusion within 48 hours was greatest in group 5 (70 [55.6%]) and lowest in group 1 (32 [25.4%]), and this trend was positively linear across quintiles, with adjusted residual values most significantly positive in group 5. The χ 2 analysis demonstrated that this difference in the rates of postoperative transfusion across cohorts was significant (P < .001) ( Table 3 ). In addition, the rate of wound disruption was significantly distributed across quintiles, with a positively linear trend occurring in 10 (7.9%) in group5and0ingroup1(P = .02) and adjusted residual values most significantly positive in group 5 (Table 3) . Overall surgical complications were also significantly associated with increased anesthesia duration and demonstrated a positively linear trend, occurring in 45 patients (35.7%) in group 1 and 78 (61.9%) in group 5 (P < .001) and adjusted residual values most significantly positive in group 5 ( Table 3 ). Distribution of rates of postoperative pulmonary embolism across cohorts was also significant; however, rates were greatest in group 1 (4 [3.2%]) and uniformly 0 in groups 2, 4, and 5 (P = .03). Group 3 had pulmonary embolism in 2 patients (1.6%) ( Table 3) . No other individual medical complications were significantly associ- ated with an increased or decreased anesthesia duration, and rates of overall medical complications were not significantly distributed among quintiles. The overall complication rate was positively linear throughout the quintiles, with the lowest rate in group 1 (55 [43.7%]) and the highest rate in group 5 (80 [63.5%]) and adjusted residual values most significantly positive in group 5. These higher rates of postoperative complications were significantly associated with increased anesthesia duration (P = .006) ( Table 3 ). The greatest rate of mortality after free flap surgery of the head and neck was found in group 2 (6 [4.8%]), and the lowest rate was found in group 4 (0) ( Table 3 ). The distribution of mortality rates across quintiles was significant (P = .03) ( 0%] in group 5, P = .47) with anesthesia duration were not significant ( Table 3 ). The associations of all complications with increased anesthesia duration were significant in group 5. Thus, anesthesia durations of approximately 11 hours or more (group 5 mean minus 2 SDs) were most associated with postoperative complications.
Multivariate Analysis
Binary logistic multivariate analysis was performed to account for age, sex, race, and obesity. Group 1 was used as our reference group, and data reported represent relative risks for group 5. Increased anesthesia duration was an independent risk factor for overall complications (group 5: odds ratio [OR], 1.98; 95% CI, 1.10-3.58; P = .02), surgical complications (group 5: OR, 2.46; 95% CI, 1.35-4.46; P = .003), and postoperative transfusion (group 5: OR, 2.31; 95% CI, 1.27-4.20; P = .006) after accounting for the listed confounders. Wound disruption was not significantly associated with increased or decreased anesthesia duration after multivariate regression (OR, 2.0; P = .16). The results of analyses for pulmonary embolism and mortality were not significant, with ORs of approximately 1, because of the nonlinear trend in complication rates associated with increasing anesthesia duration.
Discussion
Microvascular reconstructive surgery has been developed and refined during the past 50 years with the aim of decreasing morbidity while maximizing flap transfer success and clinical benefit. The current incidence of postoperative flap loss has been reported as less than 3%. 1, 4, [18] [19] [20] This success is in part attributable to the advent of modern flap monitoring techniques and astute perioperative surgical care, as well as improved surgical techniques. The association between prolonged operative time and postoperative complications has long been investigated in the literature. [21] [22] [23] [24] Increased operative duration has specifically been shown to be a risk factor for morbidity in free flap procedures, with existing literature citing increased rates of rhabdomyolysis, fluid and electrolyte disturbances, deep vein thrombosis, and hypothermia. 14, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] Although anesthesia duration is associated with operative time, few studies 10, 33 have specifically evaluated this measure as a risk factor for morbidity. Patients who have a tumultuous anesthetic course and protracted time to extubation after surgical closure may be at risk for certain postoperative complications. In 2014, a study by Kim et al 33 that also used quintiles examined the effect of anesthesia time on free flap surgery of all sites, concluding that longer anesthesia times conveyed a greater risk of postoperative transfusion. Another review 10 characterized prolonged operative time as an independent risk factor for free flap failure. The population receiving free flaps of the head and neck is unique with its own collection of clinical characteristics and comorbidities. Minimal literature exists on the association of anesthesia times with free flap surgery in this distinct population. Compared with other surgical sites, the complexity of head and neck microvascular reconstruction may provide for an inherently long operation. These cases are also more likely to require osseous reconstruction in addition to soft tissue, further lengthening the procedure. This was observed in our data set, in which the mean anesthesia duration was nearly 60 minutes longer when an osseous flap was used. In addition to flap type, selection of donor site is a major determinant of length of procedure. Operative time can be significantly reduced if the flap can be harvested at the same time as the dissection of the recipient site rather than each step being performed serially after patient repositioning.
Anesthesia duration may also be extended for patients who are poor surgical candidates or may be otherwise at risk for a more complex operative course. In our analysis of patient comorbidities, only obesity was significantly associated with increased anesthesia duration. Obesity can be intuitively understood as a risk factor for increased anesthesia duration and other perioperative complications. However, multivariate regression analysis was used to account for the disparity in distribution of obesity and flap type across groups, demonstrating that prolonged anesthesia may be an independent predictor of overall postoperative complications.
With regard to outcomes, our results revealed no difference in mortality between group 1 and group 5. In addition, our data corroborate the findings of Kim et al 33 in demonstrating an insignificant association between increasing anesthesia time and risk of flap loss. However, Kim et al 33 did not find increased anesthesia time to be a risk factor for postoperative complications in their overall free flap surgery population. Our results show that patients undergoing head and neck surgery may be particularly sensitive to duration of anesthesia, with increased anesthesia time predictive of complications overall. When specific postoperative complications are grouped, only the rates of surgical complications exhibited the same significance as overall complications. This finding suggests that medical complications are more likely to be a function of the patient's preoperative health status than the operative course. When looking at each specific outcome individually, we found that only the rate of perioperative transfusion was sig-nificant after multivariate regression. The incidence of intraoperative and postoperative transfusion, which serves as a surrogate for blood loss, has been well studied for various operative procedures as a quality indicator for surgical performance. 24, 33, 34 Despite advancements in microvascular technique and improvement in outcomes, blood transfusion is still required in a significant number of patients undergoing free flap surgery. [35] [36] [37] Our analysis showed a similarly high rate of transfusion (mean of 42%) with a significant linear trend in the incidence across the 5 quintiles ranging from 25.4% to 55.6%. Multivariate analysis showed that increased anesthesia duration was an independent risk factor for perioperative transfusion, with 2.39 times the risk in group 5 vs group 1. Known risks of allogenic blood transfusion include cancer recurrence, acute lung injury, and increased incidence of postoperative infection. Transfusion-related immune suppression appeared to be the cause of these postoperative consequences. 38, 39 Minimizing blood loss during surgery has been encouraged as a result of that finding. These results highlight the need for an awareness of the perioperative and nonsurgical factors that may extend anesthesia time and tactics that promote intraoperative efficiency. One such strategy involves selection of a donor site amenable to concurrent harvesting and implementation of a 2-team approach. Studies [40] [41] [42] have found that this is an effective strategy in reducing operative time and thereby reducing overall anesthesia duration. The number of microvascular anastomoses and defect closure that will be required should also be considered in donor site selection. Ultimately, meticulous preoperative planning and preparation should allow surgeons to reduce operating room time regardless of other nonsurgical factors out of their control.
Limitations
The limitations of this study are intrinsic to the database from which the information was taken. As with any retrospective analysis, the possibility of bias cannot be eliminated from the data extracted from the NSQIP registry. The registry also lacks information of specific interest to free flap surgery, including flap failure timing, reason for flap failure, and donor site morbidity. Furthermore, long-term results of microvascular and reconstructive surgery could not be studied because the NSQIP data are limited to a 30-day postoperative period. Last, the use of blood transfusion in this database is coded for all patients receiving a transfusion intraoperatively or within 24 hours, and it should be considered that not all these occurrences necessarily represent a postoperative complication.
Conclusions
This review of 630 patients undergoing head and neck free flap surgery revealed that increased anesthesia duration may be an independent risk factor for postoperative complications, in particular surgical complications and the need for postoperative transfusion. Detailed surgical planning, avoidance of excessive blood loss, and reduced anesthesia times, particularly to less than 11 hours, should be the goal when performing microvascular free flap reconstruction of the head and neck.
